ST8Sia II and ST8Sia IV polysialyltransferases exhibit marked differences in utilizing various acceptors containing oligosialic acid and short polysialic acid. The basis for cooperative polysialylation by two enzymes.
Polysialylation of the neural cell adhesion molecule (NCAM) is thought to play a critical role in neural development. Two polysialyltransferases, ST8Sia II and ST8Sia IV, play dominant roles in polysialic acid synthesis on NCAM. However, the individual roles and mechanisms by which these two enzymes form large amounts of polysialic acid on NCAM were heretofore unknown. Previous studies indicate that ST8Sia IV forms more highly polysialylated N-glycans on NCAM than ST8Sia II in vitro. In the present study, we first demonstrated that a combination of ST8Sia II and ST8Sia IV cooperatively polysialylated NCAM, resulting in NCAM N-glycans containing more, and thus longer, polysialic acid than when the enzymes were used individually. There was also an increase in polysialylated NCAM when we used ST8Sia II and ST8Sia IV sequentially, whereas there appeared to be a subtle increase when the enzymes were used in the reverse order. Furthermore, ST8Sia IV was able to add polysialic acid to oligosialylated oligosaccharides and unpolysialylated antennas in N-glycans attached to NCAM, even when polysialic acid was attached to at least one of the other antennas. By contrast, ST8Sia II added little polysialic acid to the same acceptors. On the other hand, neither ST8Sia II nor ST8Sia IV could add polysialic acid to a polysialylated antenna of NCAM N-glycans. These combined results indicate that the synergistic effect of ST8Sia II and ST8Sia IV is caused by: 1) the ability of ST8Sia IV to add polysialic acid to oligosialic acid formed by ST8Sia II, 2) the potential of ST8Sia IV to act on more antennas of N-glycans than ST8Sia II, and 3) the ability of ST8Sia II and ST8Sia IV in combination to act on the fifth and sixth N-glycosylation sites of NCAM.